Background: Partial tears of the hamstring muscle origin represent a challenging clinical problem to the patient and orthopaedic surgeon. Although nonoperative treatment is frequently met with limited success, there is a paucity of data on the efficacy of surgical management for partial proximal hamstring tears in the active and athletic population.
The origin of the hamstring at the ischial tuberosity includes the oval posteromedial attachment of the common tendon of the biceps femoris long head and the semitendinosus muscles, measuring 2.7 3 1.8 cm, and the lateral crescent-shaped attachment of the semimembranosus muscle, measuring 3.1 3 1.1 cm. 15 Injuries to the hamstring muscle origin are frequently encountered in the athletic population, with the most common mechanism being eccentric lengthening of the muscle unit during activities involving rapid limb acceleration and deceleration, such as sprinting or cutting. 9 These injuries can range from a minor strain to a partial tear or can entail complete avulsion with retraction. Patients may also develop symptomatic tendinopathy of the hamstring origin characterized by chronic localized pain at the ischial tuberosity during periods of recumbency or during repetitive activities such as running or weight training. 13 Irritation of the sciatic nerve can occur because of band-like pathologic thickening of the lateral border of the semimembranosus, known as ''hamstring syndrome.'' 16 Acute tears of the hamstring origin can be differentiated from chronic insertional tendinopathy by history, clinical examination, and imaging studies.
Symptoms of acute tears include identification of a specific injury such as an audible ''pop'' or catching sensation at the proximal thigh or a significant exacerbation of chronic symptoms after an increase in training intensity. Tears of the hamstring tendon origin most commonly involve the biceps femoris and semitendinosus insertion, with the semimembranosus least commonly involved. 7, 10, 11 In contrast, the semimembranosus origin is the most common site for the development of tendinopathy. 12, 16, 19 Magnetic resonance imaging (MRI) is the modality of choice to evaluate the hamstring origin, with acute tears characterized by a linear high T2 signal at the bone-tendon interface and evidence of fiber disruption, hypertrophy, and possible retraction. Changes on MRI associated with tendinopathy include abnormal signal on T1-and proton density-weighted images and dark signal at the tendon origin on T2-weighted images, with minimal hypertrophy or contour abnormality. Studies have demonstrated a correlation between asymptomatic tendinopathy of the hamstring origin and increasing age, necessitating a careful evaluation of hamstring injuries to differentiate acute versus chronic injury. 8 Treatment options for tears of the hamstring origin depend on the severity of the injury and the presence of retraction. It is well established that complete tears involving all 3 tendons (semimembranosus, semitendinosus, biceps femoris) and retraction greater than 2 cm have improved outcomes with surgical management. 7 Treatment of partial tears involving 1 or 2 tendons with greater than 2 cm of retraction should generally be treated nonoperatively with activity modification, physical therapy, stretching, nonsteroidal anti-inflammatory medication (NSAIDs), shockwave therapy, and local injection with either corticosteroids or platelet-rich plasma. Despite these various options, the management of symptomatic partial hamstring tears can present a clinical challenge to the orthopaedic surgeon and often results in a prolonged and frustrating treatment course for the patient. 4, 5, 20 Previously published outcomes of surgical intervention for hamstring injury have largely focused on isolated tendinopathy or complete tendon rupture with retraction. 6, 12 To our knowledge, only 2 studies exist reporting the outcomes of surgical treatment for partial hamstring avulsions, and both have reported generally favorable results. 1, 11 We have developed a technique of addressing all pathologic tissue at the hamstring origin by elevating and debriding the diseased and partially avulsed tendon, followed by anatomic repair of the hamstring footprint. The purpose of this study is to describe the outcomes after operative management of partial avulsion of the proximal origin of the hamstring musculature in athletes.
MATERIALS AND METHODS

Inclusion Criteria
All patients who underwent operative management for symptomatic partial tears of the proximal hamstring origin by the senior author (J.P.B.) between 2007 and 2010 with at least 1 year of clinical follow-up were included. Institutional review board approval was obtained before data collection. Any patient with a complete tear of the hamstring origin involving all 3 tendons and any amount of retraction and patients with MRI findings compatible with isolated hamstring tendinopathy in the absence of partial tearing were excluded. Patient demographics were obtained from the medical record, imaging studies, and operative reports. All patients included in our study had undergone at least 6 months of nonoperative management before surgical intervention. Nonoperative management was prescribed and directed by multiple medical providers such as the senior author, a primary care physician, and a nonoperative sports medicine physician. Treatments included activity modification, NSAIDs, physical therapy, and image-guided injection with either corticosteroids or platelet-rich plasma. Failure of nonoperative treatment was defined as persistent symptoms of proximal thigh pain or spasm/cramping at rest or the inability to return to a previous level of athletic activity because of symptoms. The timing of surgery was based on patient preference, activity restrictions, and pain level. A detailed discussion of alternative treatments, surgical risks, and postoperative expectations and complications was held during the informed consent process.
Physical Examination
Patients with a clinically suspected injury to the proximal hamstring were examined for evidence of posterior thigh ecchymosis, palpable muscular gapping, and focal tenderness at the ischial tuberosity on the affected side. Strength testing was performed and compared with the contralateral side with prone resisted knee flexion at 90°, 45°, and 15°( Figure 1 ), 5 active single-limb pelvic elevation with the affected leg (plank test) ( Figure 2 ), and standing heel-drag testing ( Figure 3 ). Objective findings of weakness and subjective complaints of pain were recorded. 14 
Imaging
All patients initially underwent radiographic imaging including an AP and frog-lateral pelvis radiograph to assess for ischial apophyseal avulsion, ischial enthesopathy, or fracture. In clinically suspected cases of proximal hamstring tears, MRI was obtained via a torso coil with bilateral imaging from the midthigh to above the ischial tuberosities. Our institutional protocol includes coronal T1 and Short T1 Inversion Recovery, axial T1 without fat suppression, axial T2 with and without fat suppression, and T1 sagittal and T2 sagittal images. A vitamin E capsule was placed over the site of discomfort for localization of the injury. Outside MRIs were reviewed if available, and repeat imaging was not performed if injury of the proximal hamstring was present on the provided studies. Partial-thickness tears of the proximal hamstring complex were identified by a linear signal at the tendon-bone interface that was bright on T2-weighted images. This linear signal was often crescent-shaped, which we termed the ''sickle-sign'' ( Figure 4 ).
Surgical Technique
After the induction of general anesthesia and administration of appropriate preoperative prophylactic antibiotics, the patient was placed prone on a standard operative table. All bony prominences were well padded, and the hips were placed over the center of the operative table. The table was then flexed to 20°at the hips to facilitate the surgical exposure. The perineum was sealed off with an adhesive impervious barrier, and the entire extremity was surgically prepared and draped. Loupe magnification and a surgical headlight were used to improve visualization of local neurovascular structures. A transverse incision was placed along the gluteal crease, centered over the ischial tuberosity. Superficial dissection was then performed sharply with care taken to protect the sensory branches of the posterior femoral cutaneous nerve, followed by incision of the gluteal fascia in line with the skin incision. The gluteus maximus fibers and intramuscular septa were identified and bluntly dissected down to the ischial tuberosity, with care taken to not disrupt the muscle fibers. Any branches of the inferior gluteal nerve that might be encountered during the exposure were identified and protected. The sciatic nerve was palpated and protected during the approach, but rarely was a neurolysis required unless there were preoperative symptoms of sciatic irritation or evidence of significant fibrosis involving the nerve. The ischial tuberosity was then located and exposed with curved Deaver retractors placed medially, laterally, superiorly, and inferiorly. We avoided the use of sharp or self-retaining retractors to prevent iatrogenic injury to the sciatic nerve. In cases of partial tendinous avulsions of the proximal hamstring, there was often normal-appearing tissue overlying the tuberosity that had to be elevated to reveal the underlying injury. Chronic-appearing or attenuated tissue associated with a longstanding partial tear was debrided, and the tendon edges were freshened to healthy tissue. The ischial tuberosity footprint was also identified and cleared of scarred or attenuated tissue, followed by gentle decortication with a curette and rasp or scoring with an osteotome. To minimize the risk of iatrogenic neurovascular injury, we avoided the use of a motorized bur. The number and configuration of suture anchors depended on the amount of the hamstring origin that remained intact and was not The plank test is used to assess functional hamstring strength. The patient supports the upper extremity on her elbows and elevates 1 leg above the examination table. Active elevation of the pelvis is then performed, with evaluation of pain or weakness. This is compared with the result in the contralateral extremity.
diseased. If the entire footprint was involved, we elevated and debrided the entire insertion followed by placement of 5 suture anchors (2.4-mm biocomposite suture anchors; Arthrex, Naples, Florida) in an ''X'' pattern as previously described. 5 If a significant portion of the native footprint was intact, we only elevated and repaired the involved tissue. The knee was flexed to 30°to relax the hamstring muscle belly, and the sutures were passed in a horizontal mattress configuration with a needle driver or a commercially available suture passing device. The sutures were then tied from proximal to distal to allow as much superior advancement of the tendon as possible while reapproximating tissue to the entire native footprint of the hamstring origin. A side-to-side repair of the involved tissue to any intact and unaffected hamstring tendon was then performed if a longitudinal component of the tear was present. Hemostasis was confirmed, followed by wound irrigation and layered closure. Particular attention was placed on achieving a water-tight closure of the gluteal fascia to avoid the development of a postoperative hematoma or seroma. The affected leg was then placed into a hinged knee brace locked at 30°of flexion for a period of 6 weeks to relieve tension on the hamstring musculature and protect the surgical repair. The patients were allowed to perform toe touch weightbearing with crutch assistance. Aspirin was used for deep venous thrombosis prophylaxis for 4 weeks following surgery unless additional risk factors were present that prompted the use of low-molecularweight heparin. Passive hip range of motion was initiated with a therapist at 2 weeks and active hip flexion was allowed at 4 weeks in conjunction with core strengthening. Isotonic hamstring strengthening started at 6 weeks and isokinetic strengthening was added at 8 weeks postoperatively. The brace was removed at 6 to 8 weeks postoperatively. Dry land training and gentle sport-specific activities were initiated at 12 weeks, with return to unrestricted activity allowed no earlier than 6 months after surgery.
Questionnaire
Patients who met the inclusion criteria were contacted via telephone, office examination, or e-mail correspondence. A standardized survey was conducted by the lead author (K.F.B.) and completed by each patient who was able to be contacted. The operating surgeon (J.P.B.) did not participate in the administration or evaluation of the survey. Clarification or assistance with the questions was provided if requested by the patient. Outcome measures included the Marx activity rating scale, 13 the Lower Extremity Functional Scale (LEFS), 2 a custom Marx activity score (out of 20), and a custom LEFS score (out of 80) adapted from previously validated questionnaires to use the same scoring methods, but with activities and functions specific to the hamstring. 6 Additional questions included in the survey evaluated mechanism of injury, subjective lower extremity strength compared with the contralateral limb, posterior thigh or foot numbness during activity, time from symptom onset until medical evaluation, time from initial evaluation until surgical recommendation, and overall patient satisfaction with the postoperative results. The complete questionnaire can be found in the Appendix, available in the online version of the article or at http://ajsm.sagepub.com/supplemental.
Statistics
Patient data were collected in a spreadsheet database, and statistical calculations were performed within the spreadsheet program (Microsoft Excel, Redmond, Washington).
RESULTS
Patient Characteristics
The senior author performed 65 hamstring repairs between November 2007 and September 2011. Nineteen of these were operations for treatment of partial-thickness tendon tears, and 17 cases had a minimum of 12 months of postoperative follow-up. Fourteen patients were contacted and agreed to complete the postoperative survey. Three patients could not be contacted after multiple attempts, and information reported in this study was obtained entirely from a review of their medical records. Patients included 3 men and 14 women who had an average age of 43 years 4 months (range, 19-64 years) and an average follow-up of 32 months (range, 12-51 months). There were 9 procedures performed on the left leg and 8 performed on the right leg. No patients underwent bilateral surgical intervention. The patients included 2 collegiate athletes (field hockey, track and field), 14 recreational athletes (waterskiing, distance running, tennis), and 1 professional bodybuilder. All patients reported an acute onset or exacerbation of symptoms sustained while engaging in exercise or sport-specific activity. The most common mechanism was an eccentric injury during hip flexion and knee extension. Fifteen patients were initially managed by another medical provider before referral to our office for recalcitrant symptoms.
Examination Findings
Clinical examination was positive for focal tenderness at the ischial tuberosity and proximal hamstring origin in all patients without evidence of palpable defect. Symptoms were routinely exacerbated with hip flexion while the knee was held in an extended position or with resisted hamstring testing at 20°of knee flexion while the hamstring muscles were in a lengthened position. Strength testing revealed no worse than 41/5 strength when compared with the contralateral leg. 14 All patients were able to perform standard activities of daily living (ADLs) but reported localized proximal and posterior thigh pain with activity and prolonged periods of sitting or lying on the affected side.
Survey Results
The results of the Marx activity rating scale postoperatively averaged 6.5 6 5.3 out of a maximal score of 16 (range, 0-16). The custom Marx activity score was 20 of a maximal score of 20 for all patients demonstrating no disability with ADLs in the operative extremity. The postoperative LEFS averaged 73.3 6 9.9 out of a maximum score of 80 (range 50-80) and custom score average 66.7 6 17.0 of 80 (range 37-80). The most commonly reported difficulty reported on the LEFS scores involved prolonged sitting and explosive direction change while running (Table 1 ).
Subjective Results
The subjective patient responses generated in the survey identified that 13 of 14 patients were satisfied with their postoperative results at the time of the latest follow-up. Additionally, 10 patients (71%) reported that they could participate in strenuous activities at their latest followup. Strenuous activity referred to the patient's own subjective ability to be active; therefore, an objective activity level could not be determined. One patient reported intermittent limitations with strenuous activity, and 3 patients reported that they were not able to participate in strenuous activities after surgery. All patients estimated their strength recovery at 75% or greater. Strength recovery was determined on a categorical basis and was part of the subjective portion of the hamstring questionnaire. According to the patient, strength was estimated to be around 25%, 50%, 75%, or 100% when compared with the opposite hamstring or leg. In total, 8 patients reported their recovery at 100% and 6 reported it at 75%. Eight patients reported no episodes of cramping postoperatively. One patient experienced cramping in the affected extremity weekly, 1 patient reported cramping up to 3 times per month, and 4 patients experienced cramping less than once per month. No patients reported difficulty or loss of leg control during brisk jogging or running ( Table 2 ).
Failures
After returning to their preoperative activity level, 2 patients had a recurrence of their symptoms that required additional intervention. One patient was a competitive distance runner with 36 months of follow-up who had experienced several years of symptoms associated with competition before surgical intervention. Postoperatively, this patient reported daily persistent, painful symptoms although the patient was able to temporarily return to competition after surgery and rehabilitation. This patient elected to undergo image-guided injection of autologous conditioned plasma (ACP; Arthrex, Naples, Florida), which did not significantly improve symptoms. A second patient reported a minor recurrence of symptoms bilaterally 4 months postoperatively during the initiation of strengthening and sport-specific activities. Bilateral image-guided ACP injections were performed at that time with resolution of symptoms and subsequent return to recreational softball. Overall, only 1 patient reported not being satisfied with the postoperative results at final follow-up.
Complications
A single wound complication consisting of a small stitch abscess occurred immediately postoperatively. This was treated with local debridement and twice-daily dressing changes, resulting in uneventful wound healing. A second patient developed numbness in an L4 distribution without focal motor weakness at 6 months after surgery during rehabilitation centered on sport-specific training. Subsequent lumbar and proximal hamstring imaging identified an intervertebral disc herniation at the L3 level. This patient had successful resolution of symptoms with a modification of therapy exercises and a single epidural steroid injection. Postoperatively, 2 patients reported periincisional paresthesias at rest, 1 patient reported paresthesias during daily activities, and 1 patient experienced these symptoms only during strenuous exercise. Two additional patients reported intermittent paresthesias in the ipsilateral foot at rest and 1 with strenuous exercise. After surgery, 3 patients reporting sitting discomfort at the surgical site after 30 minutes, 3 patients after 1 hour, and 1 patient after 4 hours of prolonged recumbency.
DISCUSSION
Partial tears of the hamstring musculature represent a challenging clinical problem to the patient and orthopaedic surgeon. In contrast to treatment of complete tendon ruptures with retraction, the treatment for partial tears has focused on primarily nonoperative strategies. 5 These treatment options include activity modification, avoidance of aggravating factors, selective use of oral anti-inflammatory drugs, and physical therapy. If symptoms persist or recur, limited success has been achieved with additional nonoperative treatment modalities including local injection with corticosteroids or platelet-rich plasma. 20 Despite these options, the management of symptomatic partial tears of the proximal hamstring often results in a prolonged and frustrating treatment course for the patient. Partial tears of the hamstring may occur in the setting of chronic tendinopathy of the tendon footprint at the ischial tuberosity. The pathophysiologic process of tendinopathy is commonly considered to be the result of a failed or incomplete healing response associated with microtrauma from repetitive stretching or tearing. The hamstring muscles are prone to overuse injury because they cross the knee and hip joints, undergoing repetitive concentric and eccentric contraction during rapid acceleration/deceleration exercises. 9 The incidence of asymptomatic hamstring tendinopathy has been shown on MRI studies to correlate with age, 7,8 and a careful history and physical examination should be obtained to distinguish between symptomatic chronic tendinopathy and acute partial tears. Often, patients will report a distinct injury or acute exacerbation of chronic symptoms that should alert the treating physician to development of a tear.
Many studies have reported the results of surgical management for complete traumatic tendinous avulsions of the proximal hamstring musculature, 3, 5, 17, 18 but a paucity of literature is available on the results of surgical repair of partial-thickness hamstring tears. 11, 12, 16 To our knowledge, our study is only the third in the literature to report these outcomes and the first to use a validated scoring system. In 2006, Lempainen and colleagues 11 published their results on surgical management of 48 partial hamstring tears. Their primary outcome was return to sport with an excellent score achieved for asymptomatic return to preinjury level of activity, a good score correlating with minor symptoms in the operative extremity but ability to return to sport, fair results correlating with moderate training without full return, and a poor result if the patient had persistent symptoms with activities of daily living. These authors reported 89% good to excellent results, with 4 fair results and 2 poor results. Their surgical technique included a mixture of a nonanatomic suture anchor repair of the avulsed tendon distal and medial to the native hamstring origin, anatomic repair of the partially avulsed tissue in acute cases, and a soft tissue repair of the proximal hamstring to a tendon stump for intratendinous or myotendinous injuries. 11 Aldridge and colleagues, 1 in 2012, reported their surgical outcomes of 23 patients after elevation, debridement of pathologic tissue, and repair of partial proximal hamstring tears with 2 or 3 suture anchors. Their reported outcomes at 2 years included objective hamstring strength and endurance, overall patient satisfaction, and a subjective visual analog score for sitting pain, leg strength, and running ability. The authors reported 81% overall satisfaction and general improvements in sitting pain, running ability, and subjective strength, although 5 patients reported worsening pain with sitting postoperatively and 2 patients had worse running scores postoperatively. Objective hamstring strength improved from 64% to 88% of the control extremity, and endurance improved by 50% compared with preoperative findings. 1 Our surgical technique for management of partial proximal hamstring tears involves elevating the affected portion of the insertion and debriding all involved diseased tissue, followed by primary repair that allows anatomic restoration of the native footprint with minimal tissue prominence or bunching. Our surgical technique was adopted from a previously described method for repair of full-thickness retracted proximal hamstring ruptures. 5 The use of suture anchors placed in an ''X'' pattern with central and peripheral fixation allows anatomic restoration of the entire footprint and preserves the resting length of the hamstring musculature. Passing each limb of the suture anchor through the tendon tissue in a horizontal mattress configuration allows a low-profile repair with minimal tissue bunching, reducing postoperative prominence and sitting discomfort.
Assessing the functional outcomes after surgical management of partial hamstring repair is difficult because a validated outcome measure for disorders of the proximal hamstring does not exist. To report our results as accurately as possible, we selected the Marx activity rating scale and LEFS outcomes measures to evaluate our surgical outcomes. We also adapted each of these outcomes measures into custom surveys using the same scoring methods, but with activities and functions specific to the hamstring. 6 The LEFS score has been validated as an effective tool to measure specific lower extremity function, and it overcomes barriers of health status on disease-and surgeryspecific outcome scoring. It is an 80-point scale consisting of 20 questions worth up to 4 points each, with a minimum detectable clinical difference of 9 points. 2 The custom scale also included 20 questions with a maximum score of 80 points. Our average postoperative LEFS was 73.3 6 9.9 points, and the custom LEFS score averaged 66.7 6 17.0. The custom hamstring scores were lower than the standard LEFS results, which is not unexpected given that the custom questionnaire addresses activities that place a high demand on the hamstring, such as lunging, jumping, and cutting. The lower reported scores may also be attributed to the fact that most patients returned to sports that do not place a high demand on the hamstring, such as distance running or weight lifting.
The most commonly reported functional difficulty in our surgical group was performing activities that require repetitive eccentric lengthening of the hamstring, such as sprinting, explosive cutting, and kicking maneuvers. Our 2 patients who specifically returned to pivoting/cutting sports (tennis, field hockey) had LEFS scores of 77 and 75 and custom LEFS scores of 71 and 63, respectively, and reported only slight difficulty (score 3 of maximum 4) with rapid direction change during sprinting or running on uneven ground. The 2 patients with the lowest reported LEFS scores had LEFS scores of 50 and 56 and custom LEFS scores of 37 and 40, respectively, and these patients reported persistent difficulty postoperatively with returning to distance running in addition to activities that require rapid direction changes. These patients were surveyed at 25 and 36 months postoperatively, and both additionally reported discomfort with sitting longer than 30 minutes; although both were able to temporarily return to their previous activity level, neither was participating at a competitive level at the time of interview.
The Marx Activity Rating Scale was developed to directly measure patient activity level and knee function independent of variables such as age, sex, and specific sports activity. It assesses the frequency that patients perform 4 activities-running, cutting, decelerating, and pivoting-with scores assigned on a scale of 0 to 4 and a maximum score of 16. A baseline score of 7.0 has been established in a population with an average age of 32.8 years. 13 A maximum score of 16 is reserved for patients who perform activities requiring rapid cutting, decelerating, and pivoting motions 4 or more times per week. Our average Marx activity score of 6.5 6 5.3 (range, 0-16) likely errs on the side of underestimating the true postoperative activity level in this patient group as most were returning to endurance sports at a recreational level and were not engaged in these activities 4 or more times per week. Our 43-year-old tennis player achieved a score of 8, correlating with a return to competitive involvement at least 1 time per week without limitations in running, cutting, decelerating, or pivoting. Our field hockey player reported a score of 0 of 16 as she was no longer participating in varsity athletics because of completion of her collegiate career, despite a LEFS score of 75 and a custom LEFS score of 80. Our patient who was not satisfied with their postoperative result reported a score of zero as they were no longer involved in competitive athletics at the time of follow-up, despite being able to temporarily return to their previous level of athletic activity after surgery.
The custom Marx activity rating used in this study evaluated the patients' ability to perform 5 activities and the frequency with which those activities were performed, including standing without assistance, placing equal weight on both legs while walking, ambulating without assistance, ascending stairs, and getting up from a deeply seated position. All patients scored 20 out of a maximum 20 on the custom Marx activity rating scale. Despite the variability in the Marx activity scores, the custom scores demonstrate the ability of all patients to completely return to activities of daily living following partial hamstring repair.
There are several limitations of this study, including the retrospective design and absence of preoperative data for comparison and the use of a postoperative questionnaire that can introduce the possibility of recall bias. A validated scoring system for disorders of the proximal hamstring does not yet exist, and results had to be extrapolated from previous outcome measures originally developed to assess limb function for disorders and surgery of the knee. The presence of a control group of non-surgically treated patients to compare against our surgical outcomes would certainly strengthen this study, although it would be extremely difficult to select a nonoperative cohort because a majority of our patients received multiple previous consultations and treatments prior to surgical intervention. One previous study has reported data on objective hamstring and lower extremity strength pre-and postoperatively, which was also not assessed in our study. 1 Three patients (18%) were lost to follow-up so their outcome scores were not used, although this attrition rate is reasonable for a retrospective study.
CONCLUSION
Anatomic surgical treatment of partial proximal hamstring tears can lead to satisfactory functional outcomes, a reasonable rate of return to athletic activity, and low complication rate. Patients should be counseled that surgical outcomes are inferior to the acute management of complete tears of the hamstring origin. 6 Surgery should be reserved for prolonged or recalcitrant symptoms in patients who report daily symptoms or are not willing or able to modify their activity levels. A detailed discussion of the risks and postoperative expectations should be reviewed before surgery is undertaken.
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